Over the past five decades, the detection of autoantibodies in human sera has become an increasingly important approach to the diagnosis and management of patients with a variety of autoimmune conditions. The need for supplies and reagents to perform these assays has become a major entry point for manufacturers and commercial vendors to develop and market a wide variety of diagnostic kits. Although some diagnostic laboratories still use assays that are developed in house, commercial kits have gained a significant foothold in many areas of autoimmune serology. The reasons that the use of commercial kits has become so widespread are that they are cost-effective, are easy to use and can satisfy criteria for accreditation. Kits usually provide all the necessary reagents and a cookbook approach to performance of the assay.
Introduction
Over the past five decades, the detection of autoantibodies in human sera has become an increasingly important approach to the diagnosis and management of patients with a variety of autoimmune conditions. The need for supplies and reagents to perform these assays has become a major entry point for manufacturers and commercial vendors to develop and market a wide variety of diagnostic kits. Although some diagnostic laboratories still use assays that are developed in house, commercial kits have gained a significant foothold in many areas of autoimmune serology. The reasons that the use of commercial kits has become so widespread are that they are cost-effective, are easy to use and can satisfy criteria for accreditation. Kits usually provide all the necessary reagents and a cookbook approach to performance of the assay.
Commercial autoantibody assay kits employ a variety of technologies that include indirect immunofluorescence (IIF), immunodiffusion, immunoblotting, ELISA and, more recently, addressable laser beads and antigen arrays. One of the more popular technology platforms is based on the ELISA because it offers sensitivity, high throughput and relatively low cost on the background of only modest equipment needed to perform the assay. Unfortunately, little has been done to standardize these kits [1] , and postmarketing surveillance and quality assurance is largely left to the manufacturers. more sensitive than immunodiffusion [2] , and another study that used a cross-section of serum referred to a rheumatology laboratory found moderate to good agreement between ANA-IIF and anti-DNA results with two commercial EIA kits [6] . Analysis of the design of some studies suggests that the lack of agreement between EIA and conventional assays may depend on the diagnosis and/or the selection bias of the patients under study [2] [3] [4] 6] .
A study by Tan and colleagues [15] focused on the EIA kits themselves, and in particular highlighted deficiencies in intrinsic properties of the kits (sensitivities and specificities). A more recent study focused on the clinical laboratories themselves and, although one might expect academic laboratories to be rather proficient in the implementation of the EIA kits, that was not the case [12] . As in other studies [1] , it was suggested that quality control procedures for daily performance of tests in the clinical laboratory setting should not be ignored, and that a minimal performance target of coefficients of variation in EIA assays should be established [12] .
If the conclusions of these studies can be briefly summarized, it could be said that there are significant concerns with the accuracy (sensitivity, specificity), reliability, and quality of many commercial kits. In many cases the manufacturer has been assumed the root cause for these shortcomings; however, the use of commercial kits and their appropriate application in a clinical setting involves a rather complex chain of constituencies and events. The factors that have disconnected the highly regulated and good laboratory practices of the manufacturer and the assumptions of the client clinician are numerous. The goal of the present review is to identify the principal links in this chain, to identify the factors that weaken the chain and to propose a plan of resolution. It is suggested that a higher level of commitment and partnership between all of the participants is required to achieve the goal of improving the quality of patient care through the use of autoantibody testing and analysis.
The matrix of manufacturing and application of autoantibody diagnostic kits (Fig. 1) The delivery of health care in many countries has been 'streamlined' through consolidation of services, including those provided by diagnostic laboratories. This has often translated into higher workloads and increased pressure to improve the interval between when the test is requested and the time the test result is reported (turnaround time). These factors have prompted and necessitated the search for and adoption of economical, high-throughput assays. This in turn has provided fertile soil for the germination and growth of the diagnostic kit manufacturing and distributor industries. Unfortunately, the rush for a product to solve the problem of increasing throughput and decreasing costs has lead to a fast track approach in the development, the validation and the approval of commercial kits. Regulatory agencies such as the Food and Drug Administration in the USA, through the 510K approval mechanism, have attempted to maintain a reasonable level of quality before allowing the release and marketing of diagnostic kits by manufacturers. At a minimum this has required proof of performance that is often missing when diagnostic laboratories develop and use inhouse assays. It is then left to the diagnostic laboratories to evaluate the products that are available and to make an 'informed' decision about which kit is suited to that laboratory's particular environment so that cost-performance issues are adequately addressed.
Downstream to the production, marketing, distributing, adopting and performance of commercial kits are the 'clients' or physicians that are the drivers in this economy. The availability of meaningful, accurate and dependable assays is often assumed by the client who is acting on behalf of the patient. Unfortunately, as many studies have shown, the assumption of the client cannot be validated.
Manufacturers
In the area of autoantibody diagnostic kits there are at least 15 manufacturing companies involved worldwide. Those with a significant market share are presented in Table 1 . Most manufacturers operate under a high level of security, of scrutiny and of standardization, and under good laboratory practices and quality control. Many of these companies subscribe to and offer postmarketing quality assurance programs. However, the threat of lost markets becomes the driver that dictates continual changes to enhance kit performance. This jockeying and marketing strategy becomes a significant preoccupation. In this con-
Figure 1
The chain of production, use and application of autoantibody test kits.
stantly changing environment, it is the responsibility of the clinical diagnostic laboratory to assure that the day-to-day and month-to-month performance of kits is adequate because accreditation, reputation and payment for service are at risk.
The manufacturer is, understandably, continually scanning the horizon, looking for new technologies and new assays that will give them a novel niche and marketing advantage. Entry into these markets is rarely exclusive, so the challenge is to manufacture a test kit that can be validated and can adhere to regulatory controls (510K approval in the USA). This then clears the pathway to market a kit that recovers research and development costs, and hopefully makes a profit. It is in the context of this activity that some problems with kit performance occur because kit validation at this level may not always live up to postmarketing performance. The validation studies often include a collection of normal and disease cohort sera obtained from a consulting clinician or a clinical laboratory that are used in an internal evaluation of kit performance and in establishing appropriate levels of positive and negative boundaries. In this setting, the validation is often performed on state of the art equipment, using the freshest reagents and kits just off the assembly line. A second level of validation involves providing the kits to laboratories that are willing and able (often without compensation) to 'beta test' the kit. If the results from the external beta tests are in agreement with internal data, the kit is submitted for approval by regulatory agencies and, having achieved that, marketing and manufacturing begins.
Another source of variation is that manufacturers tend to purchase kit components from a wide variety of suppliers and that not all kit manufacturers use the same supplier. The decision to produce or to purchase critical components such as purified antigens and secondary antibodies is based on cost and performance. When a reagent that serves both of these features satisfactorily is found, manufacturers tend to buy large lots of these reagents to minimize variability between production lots. In summary, at the level of the manufacturer, the sources of potential variability in the performance and quality of a kit include the equipment used by the manufacturer to evaluate the kit, the reagents and materials that are purchased or manufactured to become components of the kit, the reliability of the serum samples used to validate and develop performance characteristics (cutoff points, upper, middle and lower levels), and the stability of the final product. The certification and regulatory systems under which manufacturers operate are designed to minimize variability in quality and performance of the assay. Clinical evaluation is generally performed by expert laboratories with defined patient samples that result in coefficients of variation and receiver operator analyses to determine performance characteristics. 
Health care underwriter
The health care underwriter or paymaster (health insurance companies, government-based health care systems) is often regarded as the weakest link in the chain. Their admirable goal is to improve quality of care while constraining health care costs, but there are widespread concerns among health care economists that this may be unachievable. For example, as much as 80% of health care costs occur in the final 2-3 years of the patients' lives. The principles of cost-containment are often transmitted to diagnostic laboratory services that include the laboratories conducting the autoantibody testing. In response, the diagnostic laboratory tries to find a kit that offers the highest throughput on the background of lowest cost. In effect, the quality of the kit can become a secondary or even tertiary consideration. To complicate things further, when a new technology that achieves higher accuracy comes along it cannot be adopted because cost constraints are the major driver.
In fairness to health care underwriters, although the costs of laboratory diagnostic studies can easily be calculated, very little is known about the actual costs incurred through inappropriate laboratory testing. In Scandinavia, the estimated cost of all types of in vitro laboratory diagnostic testing is 2-3% of the total health care budget. In some jurisdictions, diagnostic imaging techniques and other relatively invasive procedures are being used much earlier in patient evaluations in spite of their much higher expense. Frequently, their clinical value with regard to the long-term prognosis has not been clearly elucidated.
Since early diagnosis is thought to be a key factor in outcome, and hence downstream health care costs, it is reasonable to assume that health care providers might want to ensure that funds are available for this important aspect of 'preventative medicine'. In light of the significant health care (renal dialysis, stroke and cardiovascular events, musculoskeletal rehabilitation) and consumer expense (lost wages, decreased productivity) that attends the delayed diagnosis of a systemic rheumatic disease, it is difficult to understand why low-cost and high-quality autoimmune serology is not given a higher priority by the health care system. 
Clinical diagnostic laboratory
The clinical diagnostic laboratory is usually dependent on the integrated and optimal performance of a number of individuals that perform different tasks, ranging from the laboratory manager, to the clinical laboratory specialist (usually a clinical laboratory immunologist with a PhD or MD degree and/or certification qualifications), to the technologist and support staff that handle the specimens and perform the assay. As noted earlier, the decision to adopt a particular kit is often based on fiscal matters and is left to the discretion of the manager in consultation with the laboratory specialist.
In a biomedical world where knowledge and highly specialized technologies are rapidly expanding and specialized products are being produced, the clinical laboratory specialist is expected to be an expert. It does not take much introspection to appreciate that, if you were the patient or physician, you would much prefer the diagnostic results from a laboratory that had the highest level of expertise in your particular disease and the technologies relevant to that disease. Laboratory clinicians are doing their best to maintain and advance their level of competence, while carrying out burdensome and necessary quality assurance and accreditation standards. Meanwhile the industry is advancing quickly to adapt, to modify, and to advance diagnostic technologies as well as offer new diagnostic kits to make the laboratory clinician's life more manageable.
The characteristics of diagnostic laboratories that perform well are not clearly understood. Even though manufacturers provide clear directions on how to optimally use their kit and perform a certain assay, some laboratories adapt kits to their own protocols [12] . Some studies have shown that when the laboratories are a part of, or affiliated with, academic institutions they might perform better, but this is not always the case [12] . It is clear that laboratories that perform well engage in a process of internal validation of new kits before they are adopted. However, clinically defined serum samples are a rare commodity and make the evaluation process that much more difficult. As noted earlier, new assays are frequently marketed before it has been demonstrated that their diagnostic specificity has not suffered due to attempts to increase sensitivity. Even in ideal manufacturing circumstances after internal evaluations and external beta testing, the capability of the assay to accurately predict a specific diagnosis is not fully known. Therefore, it is incumbent on the clinical diagnostic laboratory to evaluate each new kit with test sera from local patients with inflammatory rheumatic diseases. This process needs to be attended by close collaboration of diagnostic laboratories, by experienced clinicians who strive for an accurate diagnosis and by patients that willingly donate their blood for testing and research purposes.
Screening sera for ANA by ELISA plates that have adsorbed complex mixtures of native and/or recombinant autoantigens or nuclear extracts is used by many laboratories instead of screening ANA by IIF on HEp-2 or other substrates. A considerable body of data shows that a significant proportion of sera from Sjögren's syndrome, from scleroderma and from polymyositis/dermatomyositis score negative using composite ANA-ELISA techniques [16, 17] .
Further examination of these false-negative sera by IIF screening reveals that they contain antibodies to nucleolar components, nuclear matrix, proliferating cell nuclear antigen, nuclear envelope and nuclear pore complexes, coiled bodies, promyelocytic leukemia domains, SS-A/Ro 52, centromeres and other mitotic spindle apparatus antigens, as well as a variety of cytoplasmic organelles and structures (e.g. mitochondria, Golgi apparatus, endosomes, a signal recognition particle or ribosomes) [18] .
Many of these autoantibodies are readily recognized by IIF techniques when experienced technicians read the slides [16] , and there is a growing body of evidence showing that these autoantibodies are useful in clinical diagnostics [19] . A recent study that found false negative results when systemic rheumatic disease sera were screened by an ANA-ELISA suggested that this test should still be used as a screening test and that negative sera could then be tested by the IIF technique [17] . A problem with this approach is that sera from patients with systemic rheumatic diseases commonly have multiple autoantibodies, including antibodies to antigens not found in the ANA-ELISA. Since many of these autoantibodies have clinical and diagnostic relevance, this approach would provide ANA results that could be misleading and the approach would lack uniformity with respect to all sera tested. Furthermore, the need to perform a second test on negative sera has the potential to add significant costs to laboratory operations. Until further improvements in the ANA-screening ELISA can be achieved, IIF-ANA should be considered the gold standard [4, 6, 16, 20] . A problem with both IIF and the ELISA, and other assays, is represented by sera that give borderline or weakly positive results, making the clinical utility of the test of questionable value.
Once a kit is selected and internally validated, presumably through a combination of effective marketing and internal validation of performance of a sample kit, the diagnostic laboratory embarks on an adventure that is fraught with even more potential problems. The first is the equipment used to perform the test. This includes the entire spectrum of equipment, but of pivotal importance are the microscopes used for IIF and the spectrophotometers and plate readers used for ELISA. These instruments vary in performance, not only with respect to intralaboratory configurations, but also with respect to interlaboratory configurations. A key element related to microscopy is the use of a transmitted UV light source rather than incident (epifluorescence) light. In addition, the quality of microscope objective lenses (numerical aperture) varies from manufacturer to manufacturer, and the choice of objectives is often dictated by cost. Some laboratories use oil immersion objectives while others insist that dry objectives are adequate. Some laboratories use their own mounting medium and cover slips even when these are supplied as components of kits.
ELISA and dot blot kits are likewise victimized by equipment that bears little resemblance to the equipment used by manufacturers for production, and they have varying capacity and photonics. In addition, equipment is becoming more sophisticated, which generally results in assays becoming more sensitive. As that occurs, the diagnostic specificity decreases and cutoff points must be adjusted. For years it was thought that the cutoff point and appropriate screening dilution for ANA on HEp-2 substrates was 1/40 or 1/80. However, after a multicenter study showed that 32% of normal sera were positive at 1/40, it was recommended that a cutoff point of 1/160 is more appropriate [21] .
Variations in equipment are compounded when the test requires a subjective assessment by the technologist or laboratory immunologist, leading to a wide range of results. A typical example of this variation is the discrepant results that may occur when a technologist performs and interprets the results one day and a different technologist in the same laboratory performs and interprets the results on weekends. It might be concluded that this results in a complete breakdown of interlaboratory and intertest performance. Thankfully, that is not always the case because, despite these variables, performance characteristics might be considered remarkably high. This is in large part due to quality assurance and accreditation programs ( Table 2) .
One of the key problems in the interpretation of the ANA result is the content and design of the test report. The information contained in a report varies tremendously from laboratory to laboratory. Even when the same kits are used to perform a test, different laboratories generate very different reports. Clinicians must be able to understand the reported results without having to pore over the report and 'read between the lines'. If the report is not easily understood, it can be erroneously interpreted or the clinician may take unnecessary time to contact the laboratory to request an interpretation or may file the report as useless information. The results must be clearly expressed and must be an indication of whether they represent a high, moderate, low, borderline or negative result.
In most cases, there is little clinical value in reporting numerical results such as the optical density values for ELISA. Clinicians usually want to know whether the result is positive, whether it is highly abnormal or borderline, and what a general interpretation of the result might be. Some laboratories also provide current literature references to support the result so that clinicians can inform themselves further if they desire. When an autoantibody is found, the positive result is communicated to the clinician as a printed report or as a secured digital report sent directly to the doctor. Other general information to aid in the interpretation, such as the sensitivity and specificity of a positive result, should be tabulated in a printed or an Internetbased guide or handbook.
Physician
The test has been ordered and the result is reported. Now comes the next critical event in the chain: interpretation of the result. Many factors contribute to how a test is interpreted. First and foremost, the result must be interpreted in the context of the patient's symptoms and/or clinical findings. An autoantibody test on its own rarely establishes a diagnosis because systemic rheumatic diseases involve multiple organ systems and, particularly early in the disease course, there is rarely a pathogonomic feature. Multiple criteria have therefore been developed and must be fulfilled to confirm a particular diagnosis. Importantly, each disease is associated with different autoantibody profiles and specificities [22] [23] [24] [25] [26] [27] , and there are ongoing efforts to develop improved criteria for particular groups of patients. The goal is to increase the likelihood that a diagnosis or tentative classification of the disease is correct. The more knowledgeable the clinician is with regards to the clinical and laboratory characteristics of diseases, the greater the chance that a diagnosis is correct. To achieve this physicians are encouraged, and in some countries are required, to maintain a high level of competence through continuing education.
A survey of physicians showed that advances in diagnostic testing were regarded as among the most significant medical innovations in recent years [28] . With the proliferation of diagnostic tests, however, clinical interpretations and decisions have become more complex. The physician finds it imperative to decide on the best test for a patient and, at the same time, to consider the best sequence of tests that follow. The need for a practical, evidence-based and reasoned approach for diagnostic testing has never been greater. Hence, clinical practice guidelines (CPGs) are needed for a rational, judicious and economic use of serologic testing [29] [30] [31] [32] [33] .
A large number of variables must be considered before CPGs are developed. First, CPGs should take into full account evidence-based research. Second, CPGs should be based on consensus of experts in the field. The conclusions in some studies are dependent on the quality of the data, and it is necessary to develop inclusion and exclusion criteria to evaluate a large body of data [29] . The value and application of conclusions based on a grouped literature review in the setting of rapidly changing technology is open to debate. There is no point in developing CPGs when high-performance laboratories are grouped with poor performance laboratories. Finally, the application of CPGs is difficult to apply in all settings. In small laboratories and clinical service environments it is easier to achieve consensus on testing strategies than it is for large laboratories that provide service to more extensive populations.
A CPG may include a guide to clinicians suggesting which screening tests should be used for a particular patient with a tentative diagnosis ( Fig. 2 and Table 2 ) and those tests that are useful to monitor disease activity or progression. This guide also provides a flow diagram of tests that are necessary to support a diagnosis and estimate prognosis. A positive screening test may lead to the referral of a patient to a specialist, who will then initiate further serological testing. It is important to realize that the pretest probability of detecting a useful diagnostic laboratory result increases with each clinical feature that has been incorporated into the tentative diagnosis [34] .
Autoantibodies that occur in one disease, and thus are regarded as disease-specific markers, tend to be rare [19] . Autoantibodies that were previously assumed to relate specifically to one disease are now found to be associated with a variety of autoimmune diseases [35] . Data related to certain autoantibodies and their disease specificity relied on old technology and on studies published several decades ago that may be outdated and may need revision. In addition, the presence of multiple disease-related autoantibodies occurring in a single serum (antibody profile) may be more indicative that a certain diagnosis is correct than the presence of a single antibody [19, 36] . Another controversy arises when discrepant results are obtained by different anti-double-stranded DNA assays, or when a positive anti-double-stranded DNA result is reported for a serum that is negative on the HEp-2 substrate [37] [38] [39] . Accordingly, the strengths and shortcomings of new tests must be monitored and there must be agreement on how to interpret discrepant results before the test is introduced for clinical use. Positive or negative results that are out of context with known clinical parameters suggest that a test system may be unreliable and requires re-evaluation. These issues all emphasize the importance of developing CPGs that are current and in tune with conventional autoantibody testing.
Finally, physicians should be aware of the performance issues raised in previous studies [12] . They should be involved in these issues by asking their laboratory director how that laboratory assesses its own performance and the performance of the commercially available testing systems.
Patient
The ongoing demands of quality control and quality assurance are highly dependent on the availability of prototype sera and on the participation of patients who are willing to donate blood. The serum from patients with 'monospecific' and 'polyspecific' autoantibody reactivity is critical in research and development of new diagnostics products. There appears to be increasing reluctance of patients to participate because of concerns about confidentiality that have been complicated by heightened awareness of misadventures reported in the press. Equally important is the long-term participation of patients in clinical studies so that the accurate and reliable correlations of diagnostic markers to clinical outcome can be studied and validated. The difficulties in obtaining and exchanging human sera have been increased in many jurisdictions because of reluctant human ethics research boards.
Institutional ethics review boards
In the past decade, ethics review boards have become a pivotal part in the participation of patients in efforts to maintain quality control, quality assurance, the generation of clinical practice guidelines and the development of better diagnostic kits. The ability to obtain and exchange patient sera between manufacturers and laboratories that are involved in ANA kit development and monitoring has become increasingly difficult. In some cases, this has come to a complete halt because of increasing paranoia and intrusion of ethics review boards. There is a critical need to achieve a much higher level of understanding between the parties concerned so that a more balanced approach can be taken. The key issues of patient confidentiality and protection of identity are often used as a reason that exchange of sera or participation in protocols cannot be approved. There is no reason for this, since the identity of the individual is not required for these studies. The next critical issue appears to be the compiling and communication of clinical information (age, gender, race, social and family history, clinical and laboratory parameters). This should not constitute a break in confidentiality if the anonymity of the patient is guaranteed. ANA IIF  1  1  1  1  1  1  1  -dsDNA  2  2  3  2  3  3  2  -Sm  2  2  3  2  3  -2  -U1 RNP  2  2  2  2  2  ---SSA/SSB  2  2  3  -- How can patient anonymity be guaranteed? In the past, many laboratories engaged in the development of diagnostic kits have acquired sera through a number of channels: physicians, service providers, exchange from other laboratories. The concern that samples include information that could directly identify a patient is easily resolved when the primary source of the sera 'strips', codes and repackages the serum sample that is then stored or transmitted for these studies. In the setting of most modern clinical databases, key information such as age, gender, race, diagnosis or international classification of disease codes can readily be extracted without breach of confidentiality. In many centers this may require reorganization of sample collection, but given the constraints implied in protection of patient confidentiality there are few options. Finally, in contemporary clinical environments, it is highly recommended that each patient be asked to sign a consent form that will permit their serum and plasma to be used for research and development.
Regulatory and quality assurance agencies
Both the industry and diagnostic laboratories have access to and utilize a set of standardized sera provided by the International Union of Immunology Societies/Arthritis Foundation/World Health Organization/Center for Diseases Control Serology Committee and made available through the Center for Diseases Control in Atlanta [40] . The reference sera available through this program are continuously monitored and are currently being expanded to include antibodies to cardiolipin, fibrillarin, RNA polymerase I/III, ribosomal P proteins, and c-ANCA and p-ANCA. At this time standardized secondary antibodies are not widely available. Also, sera used as standards for a particular methodology need re-evaluation from time to time, as exemplified by the re-evaluation of Arthritis Foundation/Center for Diseases Control reference sera for immunoblotting purposes [41] .
Many laboratories are required to participate in a number of improvement and quality assurance programs such as that administered by the College of American Pathologists (www.cap.org). The Clinical Laboratory Improvement Amendments of 1988 set standards for all laboratories engaged in clinical testing. These standards include requirements for trained and competent supervisory and testing personnel, for record keeping and instrument maintenance, for daily quality control practices, for result reporting, and for laboratory inspection and maintenance. It is not clear that these standards are being met in routine practice.
An interesting model of mandatory quality assurance and proficiency testing was initiated in France in 1998. This program is administered and implemented by the French Health Products Safety Agency. Serum samples that have achieved consensus testing results in up to nine reference laboratories are distributed annually. The quality assessment division of the Agency monitors all clinical laboratories through a computer database, so that the reported results can be related to the tests performed by each laboratory. After the distribution of a serum sample, the results are collated and a statistical evaluation is undertaken, culminating in an individual report. This permits each participant to verify the accuracy and precision of their results and to compare them with reference values.
Conclusions and summary
The principal goal of a clinician is to obtain an early and accurate diagnosis in patients that can present with a wide variety of symptoms and signs during development, progression or regression of systemic rheumatic and other autoimmune conditions. Over the past two decades, commercial autoantibody assay kits have had a tremendous impact on achieving this goal. However, there are still significant challenges in the manufacture, the marketing, and the clinical application of commercial autoantibody assay kits. Table 2 summarizes some of the principal issues that are discussed in the present review and that are believed to limit the effective use of commercial autoantibody detection kits. Certain actions are proposed so that there can be resolution of some of the current shortcomings and challenges. To achieve a higher level of effectiveness will require a commitment and coordination of all organizations and individuals in the network (Fig. 1 ).
